Abstract-This paper is an introduction to a special issue of the journal. A brief historical delineation of the question of studying interfaces between adjacent ecosystems (ecotones) is presented. High biodiversity of ecotones and their vulnerability to natural and anthropogenic impacts, including invasions of alien species, are noted. It is supposed that there is no contradiction between the ecotone and river continuum concepts. The important ecological role of amphibiotic animals and plants in interactions and functioning of the adjacent ecosystems is emphasized. The issue of studying the quantitative parameters of fluxes of matter and energy between ecosystems in conjunction with their qualitative parameters (chemical elemental and biochemical compositions) is considered in the present paper.
The determination of the borders between separate uniform systems has always been one of the most complicated tasks of ecological studies. First and foremost, the difficulties relate to the openness of these systems and to the high mobility of their borders. However, at any scale of the ecological divisions, from natural-climatic zones and natural-landscape complexes to biotopes and habitats, the studies necessitate determinations of the borders between these complexes.
Starting from the research by Clements (1905) , as early as in the beginning of the last century it was shown that the borders between any ecosystems represent in fact separate ecosystems. It was Clements who proposed to call these systems "ecotones." According to the modern concept, ecotones are defined as transit zones between adjacent ecological systems having a set of characteristics uniquely determined by spatial and temporal scales and forces of interactions between these adjacent systems.
As in many other fields of science, in the case with ecosystem borders, the approaches and terms proposed in the first third of 20th century started to be used in specific studies only after a known period of time. An analysis of published papers reveals that in our country this happened in the middle of the 1970s (e.g., Armand, 1975; Zaletayev, 1976 Zaletayev, , 1979 Sochave, 1978) ; in western countries this began in the late 1980s (e. g., Hansen et al., 1988; Holland, 1988; Naiman et al., 1988a) . By that time it became accepted that studies on bordering zones of ecosystems (ecotones) may be useful in many respects. The ecotones may be treated as "membranes" regulating fluxes of matter and energy between adjacent spots of a resource. In addition, it became obvious that communities within ecotones are especially sensitive to changes in a landscape which relates to instability and vulnerability of these bordering systems. The latter property becomes especially important upon an assessment of the levels of anthropogenic impact changing both the character of system and its heterogeneity as determined by the number of ecotones per unit of space. Interest in studies on transit zones rose owing to the wide use of the "biodiversity" concept, since quite often the number of species in these zones is higher than in the adjacent ecosystems. It was shown that relatively high number of species in the ecotones is facilitated not only by the presence of species from adjacent ecosystems, but also by the processes of morpho-ecological and genetic diversification of organisms, along with the higher vulnerability of ecotones to the invasion of alien spe-cies (Dgebuadze, 1995 (Dgebuadze, , 2001 Lee, 2002; Keller, Taylor, 2008; Catford et al., 2011; Catford et al., 2013) . In addition, an analysis of transit zone between water and land (ecotones) served for the integration of studies on aquatic resources (first and foremost, fish), hydrobiology, and landscape ecology.
Indeed, the abiotic component is the basis for the existence of bordering zones between ecosystems (biogeocenoses). This abiotic component is a zone of contact of the specific environments: water and land. It also includes the specificity of terrestrial and underwater reliefs, sea-water currents, and constant winds. In terms of scales in the ecotones hierarchy, the largest (most contrasting) ecotones are the shorelines of seas, lakes, and rivers; zones of oceanic upwelling; interfaces between fresh and saline waters (estuaries); and borders between continental ground and surface waters. It is not difficult to delineate the borders between ecological divisions in the above zones since in these interfaces particularly the interactions of biological objects of all levels of organization take place and the highest levels of biodiversity and productivity are observed.
The importance of contacts between adjacent ecosystems representing biotic material and energetic fluxes is illustrated well by examples of the results of studies on lotic systems (Naiman et al., 1988a; Bretschko, 1995; Schlosser, 1995a; Melles et al., 2012) . Generally speaking, historically, the analysis of transit zone (ecotones) in rivers is a third paradigm in the research of these systems (Naiman et al., 1988a; Dgebuadze, 1990 ). The first paradigm concerns the division of rivers to sites; the second one concerns the concept of a river continuum (Vannote et al., 1980) . There is an opinion (Dgebuadze, 1990; Naiman et al., 1988a; Bretschko, 1995) that first and second paradigms (i.e., the concepts of river continuum and ecotone) are not contradictory and facilitate the widening of our knowledge. Certainly, if we consider a river relative to lateral borders, than due to the interaction with land systems the proportion of primary production generated in the river itself to the energy expenditures of the organisms dwelling in the riverine ecosystem (P/R) along the river continuum matter and energy. It is known (Zalewski et al., 2001 ) that in the upstream reaches of the rivers of moderate latitudes the influx of allochtonous organic matter from the land prevails (P/R < 1). This relates to the shadowing of the water surface by the river bank vegetation and to relatively high water-current velocities. Further downstream the autochtonous organic matter prevails (P/R > 1). In the longitudinal dimension, the uniting of both approaches (i.e., the concepts of river continuum and ecotones) allows one to consider the watercourses an assemblage of ecosystems or spots of a resource divided by the borders (ecotones). At the studies on riverine ecosystems, it is most important to gain data not only on the P/R ratio, but also on I/E ratio, where I stands for import and E for export of matter and energy (Allan, 1995) .
It is worth noting that a massive part of import and export between river-land systems in the lateral dimension relates to a high extent to the abiotic component: runoff of matter from land upon snow melting and rains; a flux of matter from water to land with floods and tides. Hydrological and water-chemical processes taking place in the transit zones may influence biota by other means as well. An example is the fluctuation of the water level in lacustrine waterbodies, especially typical for manmade lakes. Such fluctuations may result in the disappearance of large areas of littoral (ecotone) zones serving, for instance, for fish reproduction (spawning and nursing of fry). As a result, the abundance of some fish species drops sharply, which may lead to a cascade ("top-down") effect over the whole aquatic ecosystem (Duncan and Kubečka, 1995; Zalewski et al., 1995) . Sans any active efforts from living beings, they (most often as seeds or resting stages of invertebrates), being occasionally introduced to the bordering zones, spread and transferred from one ecosystem to another by winds, sea water currents, and continental watercourses.
The special role that ecotones play for the formation of structure and specificity of functioning of the adjacent ecosystems becomes evident upon an analysis of anthropogenic impacts. For instance, the transfer of organic matter and pollutants from agricultural and urban ecosystems leads to the eutrophication and degradation of adjacent (first of all aquatic) "natural" ecosystems.
While noting the importance of abiotic and anthropogenic processes in the transfer of matter and energy through the borders between environments and ecosystems, it is also necessary to value the role the living beings play in such interactions. In the case of the "water-land" ecotones, the amphibial plants, insects, amphibias, reptiles, waterfowl, and semiaquatic birds and mammals play a special role. Among amphibionts, the edificatory species ("key species" or the "ecological engineers") (Sukachev, 1928; Pain, 1969) are extremely important for the processes of matter and energy transfer between ecosystems. The living activity of these species may strongly change habitats, produce and eliminate ecotones, and transport matter and energy through the water-land border, considerably affecting the structure and functioning of adjacent ecosystems. The most significant results in this field of research was obtained for beavers (Castor) (Zavyalov et al., 2005; Zavyalov, 2015; Naiman et al., 1988b; Naiman et al., 1994; Schlosser, 1995b; Restoring the European Beaver, 2011) and birds (e. g., Krylov et al., 2012) .
As was noted above, there is a certain periodicity in the intensification of studies on transit zones between ecosystems. For instance, it seems that a penultimate rise in the activity in this direction was related to the UNESCO Man and the Biosphere (MAB) Pro-gramme of the Scientific Consultative Committee (Role of Land/Inland Water Ecotones in Landscape Management and Restoration). This program consolidates and coordinates primarily studies of the continental ecotones from the late 1980s to the late 1990s (Dgebuadze, 1990; Decamps et al., 2004) . A series of workshops and conferences was held within the frames of this program's work group Fish and Land/Inland Water Ecotones. At these meetings, mutual principles of approaches and methods for studying the ecotones were developed and, in fact, a network of research groups covering many countries was established. The materials presented at the workshops and conferences were published in the UNESCO proceedings in 1989, 1990, 1994, and 1997 . What they found especially important were featured in special issues of international periodicals devoted to the above materials: Biology International (1988, Special Issue no. 17) , Hydrobiologia (1995, V.303) , and Ecohydrology & Hydrobiology (2001, V.1, nos. 1-2). The publications of the Programme and participants of work groups still continue to appear (e. g., Strayer et al., 2003; Decamps et al., 2004; Bednarek, Zalewski, 2007; Bondar et. al., 2007; Zalewski et al., 2008; Kiedrzyńska et al., 2008; Preiner et al., 2008; Schiemer, 2015) .
In the beginning of the 21st century, the development of methods for studies of border zones, as well as of all ecological systems in general, has been continued. First and foremost, this concerns the development of techniques for studies of abundance dynamics and trophology of living being populations. The data on the functioning of ecosystems accumulated to date indicate that, in the analysis of interorganismic (primarily trophic) relations, it is important to analyze not only the energetic fluxes, but also the qualitative composition of the matter transporting along the food chains. For instance, it is known that in freshwater ecosystems, fast growth in number and biomass of cyanobacteria may take place only at a certain nitrogen to phosphorus ratio (e. g., (Smith, 1983) ) and that of various zooplankton species at a certain proportion of carbon, nitrogen, and phosphorus (e. g., Elser et al., 1998; Hall et al., 2004; Hessen et al., 2005; Andersen et al., 2007; Boersma et al., 2008) . The composition of the organic compounds consumed by a living being may play an even more important role. There are strong grounds to believe that the proportions and qualitative composition of certain components are of extremely high importance in the transfer of both dissolved and suspended organic matter and food items between environments and ecosystems. The most important are those compounds produced mainly in one ecosystem but which are essential for another. For instance, as was revealed by recent studies, aquatic ecosystems serve as a main source of longchain polyunsaturated fatty acids of omega-3 family (PUFA), playing an important role in the metabolism of terrestrial animals (including human beings) (Gladyshev et al., 2009 (Gladyshev et al., , 2013 (Gladyshev et al., , 2015 . The PUFA produced by microalgae are transported through the aquatic food webs and transferred to land mainly by emerging flying amphibiotic insects, amphibias, waterfowl, and semiaquatic birds and piscivorous mammals.
Nowadays in our country we may notice a rise in interest in studies on the processes of biological transfer of matter and energy between aquatic and terrestrial ecosystems. In some regions of Russia, the constant monitoring of interactions between ecosystems is ongoing, conferences (e.g. "Issues of Studies on Edge Structures of Biocenoses", Saratov, 1997 Saratov, , 2008 Saratov, , 2012 and symposia on the questions of ecotones are held, and papers on the relevant topics are published (Ekotony v biosfere, 1997; Ermokhin, 2007 Ermokhin, , 2014 Gidroekologiya ust'evykh..., 2015) . Unfortunately, most of the information does not enter the actively used field of world scientific-informational space, since this information is published in regional proceedings and other scientific publications having small circulation and being unavailable to the majority of scientists (socalled gray literature).
The goals of the present issue are the consolidation and coordination of Russian scientists dealing with studies on the transfer of matter and energy between aquatic and terrestrial ecosystems, the familiarization of the broader scientific community with significant results in this field, and attracting the attention of researchers to the interesting problem of interactions between aquatic and terrestrial ecosystems (a problem that in our opinion is one of the most important for modern ecology).
